Abstract. Reactive Powder Concrete (RPC) is a type of ultra-high performance concrete, this dense composite material generally characterized by high cement content, high durability, low porosity, low water/cement ratio and in most cases contains steel fibers as new types of concrete appears, further investigation for their mechanical properties are needed. This work aims to give a better understanding of RPC behavior by deriving formulas to calculate the modulus of elasticity and the splitting tensile strength in relation with compressive strength and steel fibers content. This study is based on data obtained from the experimental investigation done in this work and from others pervious works. The parametric study is based mainly on the silica fume content which is used in four different ratios (12 %, 15 %, 20 % and 25 %), the use of micro steel fibers 15 mm in length, 0.2 mm in diameter and aspect ratio of 75 added in ratios of (0 %, 1 %, 1.5 % and 2 %), and water/cement in ratios of (16 %, 18 %, 20 % and 22 %), respectively. The proposed equations show a better behavior in comparison to some available equations that were used in the estimation of modulus of elasticity and splitting tensile strength of reactive powder concrete, the coefficient of variation for the proposed equations (COV) decrease to 10.677% and 10.455% respectively.
Introduction
In order to make a better understanding of concrete (plain concrete, reinforced concrete and prestressed concrete) behavior and to ensure a more accurate concrete structural design, the modulus of elasticity which represents a fundamental factor for the elastic deformation prediction of concrete members should be studied. The splitting tensile strength is a simple method used to estimate the tensile strength of concrete that considered very difficult to estimate by using the direct tension test due to the brittle nature of concrete. Both modulus of elasticity and splitting tensile strength are usually estimated as a function of concrete compressive strength. [1, 2] As new types of concrete appear, further investigation for their mechanical properties are needed, one of these types is the reactive powder concrete as a type of ultra high performance concrete having a dense and durable composite mix generally characterized by low water/cement ratio, high cement content and in most cases containing steel fibers [3] . The strength of reactive powder concrete is highly affected by its contents especially the amount of the steel fibers that is usually added as a volumetric ratio, the increase in this ratio will reflect positively on the modulus of elasticity, compressive strength, splitting tensile strength and modulus of rupture [3, 4] .
Static modulus of elasticity and splitting tensile strength of concrete
Concrete is a composite material consisting of materials of different sizes and properties, each material has a different modulus of elasticity, thus the modulus of elasticity of concrete is highly dependent on its components properties.
A conventional basic form Eq. (1) was adopted by many provisions to establish concrete modulus of elasticity as a function of concrete compressive strength. [5] (1)
Where:
Ec= modulus of elasticity ( = specified concrete compressive strength γ = unit weight of concrete a, b and c = non-dimensional coefficient To reach at a final form of this formula which can be applied for concrete design purposes, a regression analysis must be done to establish the values of a, b and c parameters. This equation reflects the effects and the mechanical properties of materials that are used in concrete production as well as air content in the fresh mix, unit weight, curing procedure and heat temperature and the age of test on the modulus of elasticity [5] .
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In the same way, the splitting tensile strength of concrete is mainly dependent on the compressive strength as many provisions and previous researches adopted formulas which can be represented in Eq. (2) . This basically reflects the effects of original materials used in concrete production represented in terms of concrete compressive strength [6, 7] . √
Where: = splitting tensile strength of concrete = specified concrete compressive strength k= non-dimensional coefficient may found by regression analysis These equations used in concrete design calculation in order to estimate the modulus of elasticity and the splitting tensile strength are essentially derived for conventional concrete. In case of ultra-high performance concrete like reactive powder concrete most of these equations need re-examination to make them more suitable and representative for the new concrete types. The use of different types of additives, like cementitious materials, pozolanic materials and steel fibers significantly improve the strength of concrete. The addition of steel fibers mainly enhance the flexural strength and the tensile strength of concrete and in less manner the compressive strength. The presence of steel fibers in concrete has a positive impact on crack resistance, where cracks are prevented from forming and the formation of additional cracks gets delayed after the first crack appears [8] .
Previous provisions
Over the years several specifications and researchers try to estimate the mechanical properties of concrete such as modulus of elasticity, splitting tensile strength and flexural strength. As the concrete manufacturing evolved producing new types of concrete, new formulas were proposed to simulate the new types of concrete.  The ACI-318M-14 [9] estimates the modulus of elasticity and the splitting tensile strength of normal concrete as a function of concrete compressive strength ;Eq.(3) and Eq.(4):
 As the reactive powder concrete become more recognizable, H. M. Al-Hassani et. al. [10] try to give a better estimation for the modulus of elasticity based on regression analysis as in Eq.(5)
 N. Arioglu et. al [7] proposed an equation to calculate the splitting tensile strength for high strength concrete containing different types of additives (silica fume and fly ash), this equation (Eq. (6)) is applicable for concrete compressive strength up to 120 MPa with maximum curing temperature of 30 C o .
= splitting tensile strength of concrete 4 Experimental program
Material properties:
As the properties of the materials have major effects on the reactive powder concrete strength; the types, properties and specification matching these materials can be summarized as follows: provided from Sika is used to enhance the workability of fresh reactive powder concrete paste, the properties of this admixture satisfy the requirements of ASTM C494 [14] . 6-Steel fibers: Micro steel fiber 15 mm in length, 0.2 mm in diameter, aspect ratio of 75 and tensile strength of 2850 MPa, is used in four different volumetric ratios varying from 0% to 2%.
Concrete: mix design parameters, casting and curing
In this work six mixes of reactive powder concrete has been made, the content of cement and fine quartz sand is constant for all mixes with 900 kg/m3 and 990 kg/m 3 respectively. Silica fume is used as a weight percentage of cement in four different ratios (12%, 15%, 20% and 25%). Also, four volumetric ratios (Vf) of the steel fibers (0%, 1%, 1.5% and 2%) are used. The content of water represented by w/c ratio varies from 16% to 22%. A steady content of 6% for ViscoCrete-5930 superplasticizer is used for all mixes. Cylindrical specimens with diameter of 150 mm and height of 300 mm are made cured and tested to find the compressive strength, the modulus of elasticity and the splitting tensile strength of reactive powder concrete mixes, and all specimens are cured in tap water for 28 days.
4.3
Experimental evaluation of compressive strength, modulus of elasticity and splitting tensile strength
The compressive strength and splitting tensile strength of reactive powder concrete were evaluated by tests carried out on cylinders (150mm×300mm), these tests are performed according to ASTM C39 [15] and ASTM C496 [16] respectively. All cylindrical specimens were loaded up to failure by using hydraulic digital test machine with maximum capacity of 4000 kN.
To estimate the static modulus of elasticity ASTM C469 [17] specification was adopted, a percentage of 40% of the predicted ultimate concrete compressive strength was applied during the test of the cylindrical specimens of (150mm × 300mm).
Tests results and discussion
Several tests were carried out on the cylindrical specimens to find the compressive strength, splitting tensile strength and the modulus of elasticity where the following results are found:  Compression tests were carried out on cylinders at age of 28 days to estimate the compressive strength of different mixes made with reactive powder concrete, the test results show that the content of silica fume and the w/c ratio have major effects on the compressive strength, and in less manner steel fibers content. Six mixes with three compressive strength targets 70MPa, 80MPa and 90MPa were examined to evaluate the influence of changes in silica fume and steel fibers content as well as w/c ratio on the reactive powder compressive strength. As the silica fume content increased from 20% to 25% (mixes M1-70 and M2-80) the concrete strength increased from 81.292 MPa to 84.3 MPa for constant w/c ratio of 22%. While, in order to get a target compressive strength of 90MPa (mix M3-90) w/c was decreased to 20% which produced the compressive strength of 99.5 MPa. These results indicate that the silica fume and water content share the greatest effects on reaching compressive strength targets. A lesser effect of steel fibers can be noticed, as the steel fibers content increased from 1% to 1.5% and 2% silica fume content can be decreased from 20% to 15% and 12% to keep the strength in the designed target range. The mix M4-0 with no steel fiber has high silica fume content of 25% and a less w/c ratio is used to get a compressive strength of 76.682 MPa. Table (1) shows the results of mechanical properties for all mixes experimentally examined in this work and Fig. (1) shows the cylindrical specimens during and after the test. The effect of silica fume and steel fibers on reactive powder properties were examined, and the gain of silica fume can be noticed not only by its pozzolanic effects but by increasing mix density and enhancing the bond strength between the fine materials and the steel fibers [18] .
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Fig. 1. Cylindrical specimen under compression test
 The splitting tensile strength is highly affected by the changes in the volumetric ratio of steel fibers, as the steel fibers content increases from 0% to 1%, 1.5% and 2% the splitting tensile strength increased from 4.033 MPa to 9.609 MPa, 11.944 MPa and 12.896 MPa respectively. This enhancement in tensile strength with the increase in steel fibers content occurred because steel fibers resist and delay the formation of the cracks, and permit the transmission of stresses through cracks [19] . On the other hand, the changes in silica fume content has a slight effect on the splitting tensile strength, see Table (1) . Fig.(2) shows the failure mode for specimen with and without steel fibers respectively.  The increase in silica fume from 12% to 15%, 20% and 25% provide some noticeable enhancement in modulus of elasticity production, as shown in Table( 1).  The relationship between modulus of elastic and steel fibers content is not clear. Where the increase in steel fibers show a little improvement in the modulus of elasticity (for example mix M4-0 through M6-2) this can be explained from the procedure used in modulus of elasticity predication itself as the percentage of 40% from the ultimate concrete compressive strength is adopted, in most cases the estimation of modulus of elasticity at this ratio ends before the crack stage, while steel fibers act when cracks start to form and beyond [10] .
Data analysis and proposed equations
In this work two equations are proposed to predict the modulus of elasticity and the splitting tensile strength based on data obtained experimentally from this work and data provided from previous works by applying regression analysis: a) Static modulus of elasticity: As the modulus of elasticity mainly depends on the compressive strength, a regression analysis was applied on the basic form Eq. (1) based on the available data from this work and other previous works Table(1) and  Table( 2) respectively which is made of reactive powder concrete, the proposed equation (Eq. (7)) was found to be more suitable and representative for reactive powder concrete behavior and try to be more reflective of its components properties and adopted a new power for the compressive strength of 0.25.
The coefficient of variation (COV) used to make a comparison of results, where the proposed equation gives a COV of 10.677 % and a mean value of 1.001, which can be considered better than other approaches discussed in this work, Table( 3) show the modulus of elasticity results for all methods studied in this work. Also, Fig.(3) illustrates the relationship between the modulus of elasticity experimentally estimated to the calculated modulus of elasticity (Ec test/Ec calculated) and the concrete compressive strength (MPa). Fig.(4) shows a comparison between the three approaches adopted in this work, where the proposed equation shows the best convergence of the test to predicted modulus of elasticity ratio. In the same way as in the modulus of elasticity estimation, a new formula for splitting tensile strength of reactive powder concrete is derived Eq. (8):
Besides the new power of compressive strength, and due to the vital role of steel fibers presence in strengtheingn the reactive powder concrete against the tensile stresses a new term based on the content of the steel fibers is added as in Eq. (9) . (9) The proposed equation gives a COV of 10.455 % and a mean value of 1.204, which is considered much better than the ACI-318M -14 with COV of 26.206 and Arigula equation with COV of 25.828%. Table(4) shows the splitting tensile strength for all approaches and Fig.(5) illustrates the relationship between the ratio of splitting tensile strength taken from test results to the calculated ones and the steel fibers content (Vf %). From this figure, a straight line is provided by the proposed method (Eq. (9)), while the other two methods tend to be highly unconservative as the steel fibers content increased, this behavior occurred due to the negligence of the effects of steel fibers by the other methods. Fig.(6) shows the comparison of the ratio of (f ct test/f ct calculated) for the proposed equation (eq. (9)) and the other methods that discussed in this work, equation (9) shows a good agreement between the experimental and theoretical splitting tensile strength value. 
